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AN EXPSHIMENTAL STUDY OF THE INPLUENCE OF oBSTRUCTIONS 
IMVEDIATELY DOWNSTREAM FROM THE TURBINE WHEEL ON 
TURBINE PERFORMANCE 


SUMMARY 


An investigetion was conducted on obstructions in 
the tail pipe of a B33 Turbosupe rcharger in order to 
determine their influence upon the performance of the 
turbine «heel. The obstructions were located down streas 
of the turbine wheel at stations varying from 9/16 inch 
to 3.0 inches. At each station the turbosupercharger 
was run at apeeds varying from 10,0900 to 20,000 revolu- 
tions per minute. ‘The expansion ratios across the turbine 
varied from 1.15 to 1.79. At each apeed the turbine ine 
put power and the compressor input power were measured. 
The efficiencies were computed by the ratio of compressor 
power to turbine power, 

Two types of obstructions were employed. One was a 
set of four 14 inches in diameter rods 24 inches long, 
and the other was a set of four sectors with a 7 inch 
outer radius end ea |} inch inner radius, “sch sector 
wes + inch thick. 

At the speeds, expansion ratios, and the air flows — 
used in this investigetion no change in turbine performance 
was observed, 

vi 


© JUSUY SKICWIT ABT KOK MATHFOKBOA YA2TAISMwT 
qOMAMHOWHRES DHISAUT 


oe? 


et aehco al sexwsriotequecd4ul Ef+ff s te eaty fist end 


5 wtih ontdass ont deoge dose 24 .OT.1 of Ui,1 mor? beluav 
toxvetgnes Yo oder edt zd ceduamon stew seloneiol Tie adi? 
stevoq etidw? of teso0q 

| 8 Rew ond .beyolers oxsr enoltounsede Yo veg? ovt 
eased seriont GS ebot sedenatb at esriont {f wot to toe 
“dont J s dtte ntosees «uso? to tos & uew testo ald boa 
| Medone ont) .mutban tonnt cont fyi 2 dow aulba x wdu0 
ee. |: stots dent § cow 

edd bee yrolset aolenagxe ,abeeqe ard tA 
oq enidass mt ennaris on moliapiscernl ald? of bear 
ebevaesdo sav 


AN EXPERI@ENTAL STUDY OF THE INFLUENCE OF OBSTRUCTIONS 
IMMEDIATELY DOWNSTREAM FROM TH TURBINE BHEEL OF 
TURBINE PoRFORMANGE 


INTRODUCTION 


Thies project was conducted to determine the ine 
flueace of obstructions imuedietely downstream from 
the turbine wheel upon the performance of the turbine. 
Two types of obstructions were employed in this inves- 
tigation, The distance from the turbine wheel at which 
the obstructions were located was varied as well as the 
speed and the expansion patio of the turbine, The 
effect of these obstructions was obtained by computing 
the efficiency from the turbine power input. : 

This project was instigated by the desire to know 
whether obstructions would influence the performance of 
& gee turbine and the amount of the influence, In ges 
turbine design the tail pipe lends itself readily to 
the adaptation of preheaters, regenerators, and other 
heat sbsorbing devices. Also, in certain type jet 
engines employing veriable tall pipe nozzles, the meche 
anism which controls the variable nozzle is located 
within the teil pipe. In turbopropeller design it 
would be advantegeous to divide the exhaust pipe or to 
bend the flow of the exhaust. In employing after 
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burning the after burners are located within the teil 
pipe. In any of the foregoing citations what is done 
is equivalent to obstructing the tail pipe. Therefore 
this investigation has contributed to advancing the 
design of turbojet and gas turbine engines. 

| This investigation was net conducted to check or 
to determine the performance of a gas turbine, nor was 
it instrumented to do ao. ‘The turbine amployed was 
inatrumented only to determine the power input and oute 
put at existing ambient conditions, 
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AH BXPSRIMVNTAL STUDY OF THE INFLUBNCE OF OBSTRUCTIONS 
IWMSDIATELY DOWNSTREAM FRO THR TURBINE HEEL ON 
TURBINE PARPORMAECE 


EZQUIPMENT AND PROCEDURE 


The turbosupercharger used in this inveatigation 
was a 8-33, manufactured by the Allis-Chalmers Company 
under license from the General Plectric Company. ‘The 
compressor was rated at 120 pounds of alr per mimate 


at en altitude of 2,800 feet and at a speed of 2),,000 


revolutions per minute. The turbine was a single stage 
impulse turbine with all the pressure drop occurring» 
across the nozzles. The turbine air was supplied by 
the supercharger of an Allison Y-1710 sireraft eng ine. 
The Allison engine was naturally asperated. A Jumo 00), 
type combustion chamber was attached to the turbine and 
the air from the Allison engine was burned to approximately 
1775 degrees Rankine before entering the turbine. The 
best operating expansion ratio for the turbine was used 
between 3 and 4, with the waste gate partially opened 
depending on the power required by; it. In this inves- 
tigation the waste gate was sealed closed, 

Ambient sir from outaide the laboratory was drawn 
in by the compressor, cowpressed, and then discharged 
back outside the building, The air used for the turbine 
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was picked up inside the test cell, compressed in the 
supercharger of the Allison engine, passed through the 
combustion chamber, through the turbine end then dise 
charged outside the bullding. 

The teil pipe used was manufactured at the metal 
shop of the University of Minnesota and was constructed 
of stainless steel. The teil pipe consisted of en inner 
ané an outer pipe. The outer pipe was il, inches in 
diamster. It was provided with a flange so that it 
could be bolted to the turbine discharge flange. It 
was also provided with four equally spaced longitudinal 
slots 10 inches long and 3/8 inches wide. These siots 
were used to position the obstructions in the tail pipe. 
The inner pipe consisted of & cylindrical pipe 9 inches 
in dlameter and one foot long to which was welded a cone 
one foot long. The inner pipe was held rigidly in place 
by three struts two inches in diameter. These struts 
were il inches from the turbine wheel, One strut waa 
adapted to pass cooling alr to the inside of the inner 
pipe. The air passed upstream from this strut and ime 
pinged upon the downstream side of the turbine wheel. 
The cooling air was forced in at ebout ten pounds per 
minute. The calling air was picked up inside the test 
eell. 

The forward ten inches of the tail pipe wes the 
teat section. The test obstructions were pleced trans- 
versally between the inner and the outer pipes. When 


| & «iies deot edt ebiani qu Sesieiq saw 
ea if beans .emkane soet{fLA adi te ten tedotoque 
eth mene bam sctduse oxo siguronile” _tedmade eo Po neclmo 9 
'  ggmtbhiivd 6n2 ebiledvuc begtario 
fateom eft ts heustoatuner saw heavy eqia {tat oci? 

ss beitostence ese Sie atoaenntd to ytletevin! ont Yo gods 
Sesni aa to bedateroo esgic ilet ofT .isots exefiniete to 

Gt gedont (i 2zew eye setuo esi? ,eqiea tedmo tin hee 

#f tart ce epesit 2 déiw bohivot awe dl ,wsétacmih 

at sents eptateoeth eatdws oi? of bedfied e¢ biece 
farcibutiorel besaqe vileaupe uel div bobivertg esis saw 
eeqta {tad ont of amoisomade oft noltiveg of beaw etay 
ence » behiew aaw dotde e¢ soot toot ame ban tedomel mt 
eosig af yfbini« dla sev eqiq tacml ott ~gtel seo? ene 
 etueve eee? .tegemsib ni eefont owt etuute sous od 

) “aah eit Yo obtant eft of Ga antlone sesq of bed qabe 
«mt hon derate cli d moet anettaqu beeueg tis oP = .ogig 
meq. ebavog mead Jvods te oh beoiet ase ihe palloos suit 

S008 oft ebtect qr beilote sew ute pelos ec? .evunta 
= eee) Bakes 06> «ep « S i tedien 

edt ane eqic {252 af Ye aerive! oes buerset estiT 

<eee! beoniq eter sacitommMiato fnot wil ~oléves dred 
B steaqky sedvo aid bra wel pol coewted Yi leaner 


5 
the obstructions were in place, the slots in the outer 
pipe were closed by four plates 1), inches long and two 
inches wide, The plates were curved to conform to the 
contours of the outer pipe. The forward ends of the 
slots were drilled for a 3 inch stud. The atud was 
passed through the hole in the plate, through the slot, 
ami then serewed into the test obstruction. This pro- 
vided the means of securely holding the obstruction in 
place. The after end of the pletes were held in place 
by @ metal clamp which passed all the way around the 
tail pipe, Separete plates were used for each test 
lm ation. 

Two types of obstructions were employed. ne type 
was four 14 inch diemeter rods 23; inches long. ‘The ends 
of the rods were sheped to conform to the contours of 
the inner and outer plpes. The ends which fitted against 
the outer pipe were drilled and tapped for a 4 inch 
stud. The other type was four 30 degrees sectors with a 
seven inch outside radius and a }4 inch inside radius. 
Sach sector was § inch thick and when all four sectors 
were in place one-third of the tail pipe was obstructed, 
The outside edge of the sectors were drilled and tapped 
to scconmodate the } inch studs, These studs were used 
to hold the test obstructions in place as described above. 

The 14 inch dlameter rods were used first in this 
investigation. They were placed first at a distance 
of three inches downstream of the turbine wheel and 
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then were moved upstream sf one inch increments. At 
each station the turbine was run at 10,000, 12,000, 
14,,000, 16,000, 18,000, and 20,000 revolutions per 
min:zte. At each station and each speed the power input 
to both the ecmpressor and the turbine » as measured, 
The turbine efficiency was computed by dividing the com- 
presser power by the turbine power. At one inch from 
the turbine wheel it was observed that no effect from 
the obstructions existed end at this time the study was 
sterted on the ssector obstructions. The sectors were 
placed ea close to the turbine wheel as possible which 
was 9/16 inch, ‘This distence wes limited by a flange 
around the turbine discharge which protruded 9/16 inch 
from the turbine wheel. It wes alsao felt that any 
closer distance would endanger the turbine wheel in 
ease of vibrations being set up in the obstructions, 
On the run at 9/16 inch from the turbine wheel too 
volts securing tne tail pipe to the turbine backed out. 
The following is a list of runs thet were made. 
Sach set of runs vas made et 10,000, 12,000, 1,000, 
16,900, 18,000, and 20,000 revolutions per minute. 


Set Ho. Type Obstructions Location 
i Rone Hone 
2 1} inch rods 3.0 inches 
3 1} inch reds 2.0 inches 
h 14 ineh rods 1.0 inches 
5 None None 
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Set No. Type Obstructions Location 
6 30 degree sectors 9/16 inches 
7 30 degree sectors 1.0 inches 
8 30 degree sectors 9/16 inches 


List of test equinuzent: 
1. 8-33 Turbosupercharger 
Menufectured by Allis-Chalmers under contract 
from the General Electric Company. 
2. dJumo 00] Combustion Chamber 
Wanufactured in Germany for the Jusio 000) Turbojet 
engine. 
3. Puel Pump Kotor 
Manufectured by the Siman Company. 
lhe Fuel Pump | 
Manufactured by the Vickers Ine., Company. 
5. Ignition Coil and Spark Plug 
Made in Germany for the Jumo 00) engine. 
6. Acetylene Supply. 
7» Allision V 1710 airereft engine, naturally « sperated. 
8. Allision ¥V 1710 supercharger, 
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AN EXPERIMENTAL STUDY OF THE INFLUENCE OF ORSTRUCTIONS 
IMMEDIATELY DOWNSTREAM FROS THE TURBINE WHER ON 
TURBINE PRRPORMARGE 


INSTRUMSUTATION 


The instruments used in this investigation were 
previously installed end supplied by the University of 
Minnesota. lo effort was made to calibrate these ins- 
truments. The measurements taken were not to determine 
the performance of the turbosupercharger, but rather to 
measure variations in the perforsance. The instruments 
used were considered adequate to conduct this investi- 
gation. 

fhe air flow to the turbine was measured by a 546 
inch dlameter flat plate orifice in an eight inch pipe. 
Plush type pick-ups were used to aeasure the differen- 
tial pressure, One was located eizht inches upstrean 
of the orifice and the other was located four inches 
downstream of the orifice. This differential pressure 
was read on a six inch inelined “erecury Hanometer which 
could be read to the nearest five hundredths of an inch. 
This orifice wes previously calibrated snd was assumed 
accurste throughout the investigation. The air flow 
to the compressor was measured by a seven inch diameter 
orifice. This orifice as well as the calibration charts 
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9 
were obtained from the Packard Motor Car Company, Air-~ 
eraft Engine Division. The differential pressure was 
read on a 20 inch water vertical manometer. This ori- 
fice was previously calibrated and was assumed accurate 
throughout the investigation. 

The tewperatures of the air flows through both 
orifices were  asured by a self balancing potentiometer 
used with on iron constanten thermocouple. The self 
balancing potentiometer was manufactured by the Brown 
Instrument Company, end nereinafter is referred to as 
a Brown Box. This instrument could be reed to the near- 
est five degrees Fahrenheit. Hence, messurenents taken 
at low temperatures are subjected to more error percen- 
tace wise than temperatures of ea hicher order. 

Tne fuel flew wes measured with a stabll vis Rota=- 
meter manufectured by the Pither Porter company, This 
instrument was designed for a diesel fuel of re 
aravity of .862. ‘The fuel used in this investigation 
was & fuel ol] and its specific gravity did not vary over 
five per cent from that for which the instrument was 
designed, 

Temperatures were measured at the compressor iniet 
and outlet, and at the turbine inist and outlet. These 
temperatures were measured with the Brow: Box. To 
measure the turbine inlet temperature a echromel alumel 
thermocouple was used. This thermocouple was located 
one-quarter the distance around the nogszle box from the 
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10 
turbine air inlet. This location was chosen in order 
te keep the thermocouple out of the direct flame from 
the combustion chamber. A calibration chart for the 
use of the chromel alumel thermocouple is appended to 
this report. The other tecperstures were measured with 
the Grown Box using 20 gauge iron constantan therno- 


couples. 

List of instruments: 

Banome ters 

le Poy Mercury Berometer 

2. Po Aneroid 10- 54 inches Hereury 
3- P3 Vertical 57 inches Vercury 

he Pe? Ansroid 10- Sl, inches Wereury 
Se Pel Vertical 75 inehes Mereury 

6. A Pe Vertical 20 inches water 

7. APs Inelined 6 inches Vereury : 
Tenperatures 

3. Tay Bere I ¢ thermocouple 

9. To Bare I ¢ thermocaple 

10. ts Bare I C thermocouple 

Lie Ty, Bere IT C thermocouple 

i2. Tek Shielded © A thermocouple 
Tachometer 


13. Turbine RPM Synchronous motor 0-35,000 RPM 


Ot? evel foeslS old to tuo olqwosessaid eid goed of 
gis 40% dims apiderdtiea A stedmarin coltsudmes aslg 


~ormieut rageadeanos stort onwan OS om ier xof meoe! arid 


eaelaved 


sagsemiseaat Ie sakl 


ete omo nal 

; Sed omertst yiuete fot of 
Yowotes esciomi f2 «OL blowenA si oS 
Ywot!e seriont 2 faoltsov gi of 
Ywstek aenonl de -OL bloTesé rat of 
ceusunll secsionl OF fasizte¥ a4 oe 
tstew aedant OS L[seltae¥ st A .o 
Ywo1s segont 0 benkiort gi A «f 


Bet? etecdcma'’ 


,iqueooartesris T sist Tt of 
- 49 
ofqsmec mites s t estat eT =. 
§ igus C IOP Eos if | i Em £ _ 
elyuosor*teaci. ig" * 
eiquoserriant A bel] iwt ead 
<e7 suonsa tT 


AN EXPERIVENTAL STUDY OF THE INPLUENCY OF GBSTRUCTIONS 
IMMEDIATELY DOWNS?PREAU FROM THS TURBINE WHEL ON 
TURBINE PERFORMANCE 


RESULTS AND DISCUSSION 


The results of this investigation are found in 
fables XIII through XVII and Pigures 7 through 9. The 
obstructions used in this investigation produced negli-~ 
gible results on the turbine performance. The computed 
changes in turbine efficiency are erratic and variable. 
However, the overall trend is to show that no chenge in 
efficiency when as such as one-third of the teil pipe 
was obstructed. The erratic readings are e direct 
result of the irregular output of the Allision super~ 
cherzer, At the low manifold pressures used on the 
Allision engine during the investigation it was impos- 
sible to maintain ateady operating conditions on this 
engine. Its speed would vary ss much as 200 revolutions 
per minute for a fixed throttle setting, Consequently, 
the supercharger was varying and surging in ite output. 
fhis surging caused uneven burning of the air in the 
combustion chamber which caused temperature verlations 
at the nozsle block. The total entrance temperature to 
the turbine is believed to be in considerable error due 
to the surging of the Allision supercharger. 
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When the turbosupercherger was running at 20,000 
revolutions per minute the Aliision engine wes running 
near its maximum rated speed. Above 18,000 revolutions 
per minute on the turbosuperchnarger it was Iupossible 
to cool the Allision engine and its oil. This was due 
to an inadequate cooling water supply. The deta taxen 
at 18,000 and 20,000 revolutions per minute was taken 
very quickiy end during changing conditions. Conse- 
quently, the data at these speeds are questionsble,. 

fhe maximum efficiency of the turbine eat its rated 
air flow occurs at an expansion ratio cf about three, 
the maximum expension ratio reached in this study was 
1.70. Higher values could not be obtained because of 
the limitations of the Allision engine end its super- 
charger. if higher velues could have been obtained this 
investigation would heve been sore complete in its scope. 

The efficiency as obteined by this study are un~ 
reliable. As stated previously the total entrance tem- 
perature is believed to be in error, Since efficiency 
is en inverse function of this temperature, a veriation 
in this temperature wlll cause an inverse veriation in 
the efficiency. However, this investigation was cone 
ducted to measure differences in afficlencies only, and 
the differences should be accurate within experimental 
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AN EXPERIVENTAL SPOUDY OF THE THPLUENCE OF OBSTRUCTIONS 
IMMEDIATELY DOWHSTREAR FROM THES TUREING WHEEL ON 
TURBINE PERVORMANCE 


COWCLUSION 


This investigetion has shown thet obstructions 
placed in the tail pipe of e gas turbine has cegligible 
effect upon the efficiency of the turbine, Large ob 
structions placed relatively close to the turbine wheel 
showed no noticeable change im the turbine efficiency. 

It is recommended that further study be made on 
this project, employing e different type tail pipe and 
a different type method of measuring the turbine power 
output. It is suggested that a tail pipe be used whose 
outside diameter is the same as the outside diameter of 
the turbine wheel, and that the inside pipe have the 
same diemeter as the root circle of the turbine blading, 
Such a tall pipe will prevent any expansion of the ex- 
haust gases between the turbine wheel and the obstruc- 
tions. This type pipe weuld elso maintain higher velo- 
cities around the obstructions in the tail pipe. It is 
further recommended that some type of dynamometer be 
used to absorb the turbine power rather then its come 
pressor. This would eliminste texperature aud pressure 
errors in the computation of the power. 

13 


7 5 
item yetitcie: tee Samal 


ATRSG W HOWIUAML AKT W VGUTE. UATARMIATIAT Ba. 
BS AKIGAUT ABT MORN MARMTSMNGC VesTALcAMNl 


HOTSIOHOD. - 


enottoursede gard smote nad moldezitaeval elit 
(—— OLdkg tigen esc omtdud ang 9 to eqhq Ltet ocd ot hooaty 
de eg%ed .enidusd ati lo yomeiol tte ela 
 Leetiw exida?t off of aneks yLowlsales f | 
eYoaotellie enidast sit ak egasto eldaeyiton ea bevesiz 
0 eham ad Yheda seiduw) sadd bebo all 
bos eqiq iisd eqyet duete ti th aie 
/ tewon entde? of? yotamesom Io terion eqys Jaete’ 
teers bees 2d egig fled a gadt pod siallats 
ine lineiiienatiis itt telnet Oh mabeninediiates TS 
~ofev tedgid aiatuiam on ls Siuow eqig eqys als? ,anois 
| gd edemenenyh to enyd emcee sand bebrenmosey tedfurt 
=0D ett omdd tedzan two ond! ot duveds oF denw 
ewasety his OMSateqHe? Stalelie blues std? ,r08cete 
: stewon eid Yo moleutuquoo eft al ator 
7 
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IBMEDIATELY DOSNSTREAM FROM THE TURBINE BHREL ON 
TURBINE PERFORMANCE 
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AN SXPERIMENTAL STUDY OF THE TEFLUYNCR OF OBSTRUCTIONS 


ISSGDIATELY DOWNSTREAM FROM THe TURBINE SHeSL ON 


TURBIBE PeRFORMANCE 


PORMULA 


de Table of Symbolse 


Static pressure of the compressor measuring orifice. 
(inches of Mercury) 


Static pressure of compressor inict. {inches of 
mercury relative) 


Statice pressure ct discharge of compressor. (inches 
of *ercury relative) 


Stetic pressure of the turbine measuring orifice. 
(inches of Mercury relative) 


Differential pressure across the compressor measur- 
ing orifice. (inches of water) 


Differential pressure acrosa the turbine messuring 
orifice. (inches of Vercury) q 


Total pressure et turtine entrance. (inches of 
Mercury) 


Total pressure at turbine exit. (inches of Yerecury) 


Temperature et the compressor measuring orifice. 
(degrees Rgnkine) 


Yenperature at compressor inist. {degrees Zankine) 
Temperature at Compressor exit. (degrees Rankine) 


Temperature at the turbine measuring orifice. 
(degrees ienkine) 


aaees ee et turbine inlet. (degrees 
ankine 


Total temperature at turbine exit. (decrees 
Rankine j 
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16 
Air flow throuch the compressor. (punds per minute) 
Air flow through the turbine. {pounds per minute) 
Power input to the compressor. (8.T.0. per minute) 
Power input to the turbine. (5.7.0. per minute) 


Beteve Sritish Thermal nite 
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2. 


Ratio of specific heat at constant pressure to 
specific heat at constant volume, 


furbine efficiency. 

Total enthelpy. 

Heat added, 

ROTK. 

Acceleration of gravity. 

Mechanical equivalent of heat. 
Specific heat at constant pressure, 


Theoretical spouting velacity. (feet per second) 


Power and Pffielency. 
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TABLE I 
FEST DATA 19 JULY 19)9 
HO OBSTRUCTIONS BASOMZPER 29.08 He 
Run Ho. 19 20 21 22 23 2h 
RPE 20,900 10,000 18,000 12,000 16,000 14,000 


Poy" Hg 2900 290 2902 29032923 2983 
Pop}, “Hg 19.4 Sak 16.5 7.3 12.5 926 
Pes” ig 29.08 29.03 29.98 22.08 29.08 29.08 
AP,"He 1.76 ob 1240 a bay 1.10 237 
Pei "He 29.08 29.08 29.98 29.08 29.03 29.08 


AP," tz 166k, 1.00 1.63 1.30 1045 1.30 
Te, °F 210 4152 200 ©6175 ~=— 197 188 
Tay, °F 1312 «1332020 13220's«a322sia322s322 
2°? 60 60 60 60 69 60 
Tn2°F 65 68 70 70 72 72 
Tp 3°F 260 125 230 150 203 180 
Puel flow 


esdei YSUL eL 


gf 60.0S BITOMORAM 


Ata Text 
SUOTTOUNTEEO Of 


gs ts ss £8 os eL of nuh 
900,¢f 000,0f 600,Sf 000,8f 600,0f 900,65 Na 
£08 €.05 £695 S605 BeOS 0.05 ah" r24 
8.0 SI B.F Sa po2 = BOL BH” spt 
80.eS Bo.0S 80.05 80.08 S0.@5 89.95 gh" yet 
76. Ofet gO, Oped of. = OF L ou" ZA 
80.05 89.95 Bd6PS BO.°S 80,05 86.25 gf" sot 
Of.f Bel O84.f 8.5 CO. fet Be" tA 
81 yer STE os SeL Oss WP os? 
Sfet Sek SHEE SHEL SHEL SHEL 9 sg? 
03 re) 08 od od oa 2 5? 
st st oy oy 86 Re Woe? 
or eS ORL (OES wf = OS Week 
ae OSs ee 


26 


TABLE II 
TEs? DATA 19 JULY 1949 
1g" ROD OBSTRUCTIONS AT 3,0" BAROMETER 29.06 
Run Ho. 25 26 27 28 29 30 
RPS 20,000 10,000 18,000 12,000 16,000 14,000 
Pe "He 2921 29 oy 25.2 25 ol 29.2 2903 


a 20.5 Sel 15.0 Teh 12.5 9.6 
Peo" Hg 29.96 29.06 29.06 29.05 29.06 29.06 
Ar," He 1.3 259 1.40 265 1.10 by 
Poi"Hz 29.06 29.06 29.96 29.06 29.06 29.06 
AP," H20 1.33 1.06 1.65 «23 1.46 1.30 


Te) °F 200 165 200 182 200 195 
Tel, oF 1312 «13220-32238 1312 
3°? 60 60 60 60 &0 66 
Tpo°F 67 68 79 70 70 72 
p33 °F 260 125 230 150 200 130 
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TABLE III 
FEST DATA 21 JULY 1949 
12” DIAMETER RODS AT 2,0" BAROM“TER 29.00 
Run Ho. 31 32 33 3h 35 36 
RPM 10,000 20,000 12,000 18,000 14,006 16,000 


Pe, "He 29.35 29.05 22.30 29215 29.30 29.25 
Pe "He = S03 1908 = 763 1505 945 12.5 
Pes"tg 29.00 29.00 29,00 29.00 29.00 29.00 
AP," Hg ob 1.66 +66 1.38 35 1,12 


Pei "Hg 29.00 29.00 29.00 29.00 29.00 29.00 
Ap,"Hp0 891.05 1680 1622 1.60 1.30 1.40 
4) °P 10 179 165 185 1890 188 
tp), °F 1310 1322 1312 1328 13122 1318 
To °F 71 71 75 76 73 79 
T/-2°R 80 82 32 go 85 89 
Te.” 139 270 169 2i,9 190 220 
Fuel flow 
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TABLE IV 
TEST DATA 22 JULY 1949 
1/3 SECTOR OF TAIL PIPE | 
BLOCKSD AT 9/16" BAROMSTER 29.15 
Run Ho. 37 38 39 ho ki h2 
RPM 10,900 12,000 1h,000 16,000 20,900 14,000 
Po "Hg 5.6 8.1 10.5 12.8 21.1 215.8 


Pog" Hg 29.15 29.15 29.15 29.15 29.15 29.15 
AP," He 1,8 «67 86 110 8601690 1 
Poi "He 29015 29615) 29015029015) 29415-29615 
Ap,"H20 1.90 1695 1.32 1.435 1.65 1.2)0 
T23°F 125 172 170——i«W290 205 205 
Peel OF 13120 u312—i3220aLOsisa310 2-38 
T.) °F 52 50 52 55 55 55 
Tao P 60 60 69 62 65 65 
tp3°F 115 14.0 16h, 195 260 230 
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GORARCTHED TEST DATA 


NO OBSTRUCTIONS COMPRESSOR 
Run No. 20 22 2h 23 21 19 
RPE 10,500 12,000 14,000 16,000 18,000 20,000 
Tp3 585 610 6k.0 $63 690 720 
Tro 528 530 «532 532 530 525 
AT. 57 80 108 131 160 195 
z 
Qo 1.015 1.920 1.02) 1.02) 1.020 1.010 
(eo 1.008 1.010 1.012 1.012 1.010 1.005 
P2 2.08 22.18 19.73 17.63 15.63 13.78 
Ss -306 = 7266S 2S CG 
Pe} 29.93 29.08 29.05 29.08 29.08 29.08 
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TABLE VI 
CORRECTED TEST DATA 


1)" DIAMETER RODS AT 3.0" COMPRESSOR 
Run No. 26 28 30 29 27 25 
RPM 10,090 12,000 14,000 16,000 18,000 20,000 
fey 591 610 61,0 660 590 729 
Teo 527 530 532 530 530 527 
AT, 5h 80 108 130 160 193 
bg 
ood 010260 «= 25100 2025) 2500) 30200. 3680 
y 82 1.008 10 1.012 2.010 1.010 1.908 
Po 2.26 «22411 «020.06 18.06 = 16.96) 13.96 
ba 28110 w7390's—i« 72S 5HG GT 
A Pe 1.00 1.23 1.30 1.40 1.65 1.33 
Pel 29.96 29,06 29.06 279,06 29.06 25.06 
Tol 520 520 520 520 520 520 
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TABLE VII 

CORRECTED TEST DATA 
1"} DIAMSTER RODS AT 2,"°0 COMPRESSOR 
Run Ho. 31 33 35 36 3h 32 
RPK 10,000 12,000 14,000 16,090 18,009 20,000 
Tr 599 629 650 630 700 730 
Teo 540 52 545 550 542 54.0 
At. 55 73 105 130 153 190 
Av 
Trp ©1018 = 6140 8661925) 2365 0.2915). 3520 
a, 1.935 1,0)2 1.0h9 1.058 1.0)2 1.038 
Vea 1.013 1.921 1,025 1.029 1.021 1.018 
Po 24.10 22040 20.20 18.00 16.00 14.00 
b> 806 .750 «=675' 602 S35 OB 
APs 1.05 1.22 1.30 1.4.0 1.60 1.50 
Pai 29.00 29.00 29.00 29.90 29.00 29,00 
Tel 531 535 538 539 536 531 
A? .F 
< 00572 89.0662) 40702753 iw 86S) «0982 
322 a 77.0 §=6.8269 85S 02 
we 97.0 113.0 129.5 151.0 180.0 220.0 
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TABLE VIII 


GCORRACTOD THST DATA 


1/3 S3CTOR OF TAIL PIPE BLOCKED aT 9/16" 


COu PRESSOR 


Run 0. 37 38 39 ho 2 yl 
RPM 10,000 12,000 1;,000 16,000 18,000 20,000 
Te 575 600 62h, 655 690 720 
Tro 520 520 520 522 525 525 
Ave 55 80 10h 133 175 195 
Af 

Te 01058 = 61536020000 2545 = 633350 3718 
So 1.000 1,000 1.600 1.005 1.005 1.005 
(So 1.000 1.000 1,000 1.603 1.903 1.003 
Po 235 22.85 19.65 ° 17655 Wes 13655 
d2 315 76h O87) S87) S96 a SO 
APe 1.00 1.25 1.32 1.35 1.40 1.65 
Poi 29015 25015 29.15 929.15 8929.15 2-29.15 
Tel 512 512 512 515 515 $15 
APePoy 

~ 09569 O722 751.0763 0792 =. 0932 
sea) Perk 76.7 86.0 83.3 89.9 90.6 98.5 
¥ We 9p 112.5 A3h-l 152.0 176.9 219.5 
a 19005 «120000 «= 1koee)§=—-159S0)0sa7gko)8— 9920 
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TABLE IX 
CORRECTED TEST DATA 


RO OBSTRUCTIONS TURBINE 
Run No. 20 22 2h 23 21 19 
RP 10,000 12,006 14,00¢ 16,000 18,0¢0 20,000. 
Tr), 1772.0 ««1772,—*'i‘«~CUTTP=s—ialT72~=—sisaTT2~—tsédz722 
@), Zohd = BehD = 3042 Be Be BUD 
V5, 1.850 1.850 1.850 1.850 1.950 1.850 
Por), 3.048 36.38 38.63 41.538 45.58 18.38 
dh 16155 14235 1.295 1.392 1.528 1.635 
Pac 29.08 29.08 29,08 29.98 29.08 29.08 
re 1.187 1.275 14303 1.460 1.567 1.675 
Ary 03h 052 “75 098 ae 
Pt 28.78 28.72 28.66 28.60 28.54 28.48 | 
Te] 612 635 61,5 657 660 £70 
APePt2 

tl 29155 = 023500 «nw 0332 O27) Ww 05530. 0898 


WwW 
an 112.2 129.2 146.) 154.8 160.5 168.5 
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TABLE X 
CORRACTD TEST DATA 


1°2 DIAMETER RODS AT 3.70 TURBINE 

Run No. 26 23 30 29 27 25 
RPu 19,000 12,000 14,000 16,000 18,000 20,000 
Ty, 1772,—C«C772—s—siaw‘P?72@aPPBAT?72—s«d: 72 
8h Bed Beh Behd Be BL 3 
Jo, 1,350 1.850 1.850 2.3952 1.850 1,850 
Sh 1.154 1.220 2.293 1.390 1.472 1.660 
Pes 25.06 29.06 29.06 29.06 29.96 29.06 
Pe 

me 1.187 3.240 1.288 1.4430 1.543 1.634 
Art 035 250 269 095 1.25 1.65 
Pt. 23.76 28.70 28.6) 23.58 28.52 25,46 
Ttl 2S 6l,2 655 669 660 660 
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TABLE XI 
CORRECT D TEST DATA 


1") DIAMBTER RODS AT 2.°0 ‘ PURBINE 

Run No. 31 33 35 36 34 32 
RPM 10,000 12,000 14,900 16,000 18,9000 20,000 
Tr}, 1763 1772 1772 1772 1772 1810 
4, 3-39 3042 3.42 3042 3042 3048 
ei, 1.8h0 1.850 1.850 1.250 1.950 1.863 
Pephy 34.30 36.30 38.50 hi.50 kh.So | 648.80 
Si, 1e1h7 26225 1.288 1.390 lelko 1.633 
Pes 29.00 29.00 29.00 29.00 29.00 29.00 
= 1.162 26252 16336 16438 1.553 1.637 
Art 033 53 “72 097 1.25 1.53 
Pt1 28.70 23,64 23,538 29.52 29.46 28.h0 
Tey 600 628 60 64,8 655 639 


Ary Pe 
TL 00158 = 6023. 0322.26) = 60543). 0680 


70.38 ° 87.8 101.9 116.2 131.0 1246.8 
we 
i 113.5 133-8 55.3 152.8 168.0 167.8 
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TABLE AIL 
CORRECTED TEST DATA 


1/3 SBCTOA OF TAIL PIPE BLOCK D at? 9/16" TUABINE 
Run Yo. at 38 39 4.0 2 ha 
RPM 10,000 12,000 14,000 16,000 18,000 20,000 
Teh, 1772,—i—ia772ssa772—sa76R 1785-1768 
2, Behl = Belk = Bal. = 3.039 Behk3 3.29 
Vai, 1.850 1.850 1.450. 1.3840 1.855 1.80 
Perl, Bhe75 37625 39265 1.95 9S 50.25 
pf k 1.162 1624h5 891.327) 2049 0504 1.650 
Pipc 29615 «29.15 29.15 29.15 29.15 29.15 
Prk 
Pps 16193 1.279 14362 12448 1.551 1.668 
Ap, 233 052 71 “95 1.25 1.80 
Pti 29.85 23.79 28.73 28.67 23.61 238.55 
Tel 585 632 630 650 665 665 
APs Pez 

tl 20163-0273 iw 32h ww OK9 «iw 0538 ~~. 0772 


Tey 71.5 86.6 101.1 115.0 130.5 156.5 
3, 
. rt 114.0 128.7 Ujl.d 150.5 159.8 171.5 
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TABLE XIII 
COMPUTED EP “ICIESCY 
HO OBSTRUCTIONS 


Run No. 26 22 2h 23 21 19 


RPE 10,000 12,000 14,000 16,990 18,000 20,000 
We 76.0 385.7 8567 91.6 98.5 9629 

Tro 528 530 532 532 530 525 

CyTra 126.8 127.1 127.8 127.8 127.1 126.0 
ae ©1079 41510) = 6.2025) 260 23020. 3710 
Lig 1038.0 1648.0 2215.0 2375.0 38)0.6 4530.0 
We 70.0 36.3 102.5 116.5 132.5 145.7 
Pr, 1772,0=«aT72_—sia‘7@=—s?2a72~—saATT2 
Spit), h82.0 482.0 882.0 482.0 82.0 482.6 
Repti Oh1S = 60580) = «07370 «w 0889S «w'1063—s «0250 
Lt 1400.0 2)10.0 3645.0 5050.0 6300.0 8250.0 
Yt 7403 653636265 5669 5G 5 


CoMry[i--of 20.0 27293565 2B S13 Sek 


22-4 |e traf felon? 1180.0 1335.0 1465.0 1605.0 1617.0 
RT 


001,38 180.9 576.0 672.0 763.0 864.5 960.0 
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TABLE XIV 
COMPUTED EPYICIZNCY 
1" DIAMETER RODS AT 3."0 


Run Wo. 26 28 30 29 27 25 
RPE 10,000 12,000 14,000 16,000 18,000 20,000 
We 76.0 4.) 86.7 89.5 97.8 103.2 
Tre 527 536 532 530 530 527 
At, . 

Tro 01025 «961510 20250250) = 03020. 3660 
ke 9388.0 1615.0 22)0.0 2305.0 3755.0 780.6 
#t Tle 5h.0 97-8 114.9 130.3 150.0 
rh 17720-«1772,—'s«a772~—ssa778—s«sa72—Ss«id:72 
Cpt h82.0 82.0 482.0 83h.0 82.0 482.0 


Inge 15 .0515 .0605 .0849 .1028 .1235 
Le 1427.0 2058.0 2855.0 4655.0 680.0 8945.0 
t 68.8 77h The 52.5 57.8 53.65 


Corry paar 20.0 24.8 29.2 80.9 95 59.6 


| Cpl [1- Py 1006.0 1116.0 1219.0 1430.0 1578.0 1727.0 
eh BR 480.0 676.0 672.0 768.0 346.5 960.0 
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TABLE XV 
COMPUTED EFFICIENCY 
1"} RODS AT 2,°0 


Run Noe 31 33 35 36 3h 32 


RPM 10,000 12,000 14,000 16,000 13,000 20,000 
fis 77.0 82.9 85.) 43.4 94.05 101.2 
Tr2 54.6 Sh2 545 550 She Su0 
Cytyg 129.7 130.2 131.0 132.1 130.2 129.7 
Aft 

i e1018 oO) = 19250 23650 2915 3520 
ly 1015.9 1556.0 2150.0 2765.0 3590.0 620.0 
We 70.8 37.7 101.0 116.2 130.0 146.8 
Le} 1763 1772 1772 1772 1772 1310 
Coto, h79.0 482.0 32.0 482.0 482.0 49.0 


legates eOh12 .05)0 .0690 .6852 .10h0 .1232 
Le 1397 2285 3360 4.770 6575 89)0 
‘{ 72.7 68.0 63.9 53.0 54.5 51.8 


CrTis|1--| 19.7 26.0 3363 1.0 50.1 Sgek. 
¥. 
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er 
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TABLE XVI 
COMPETED =PrICrsucy 
1/3 SECTOR OF TAIL PIPE BLOCK=b At 9/16" 


Run Ho. 37 38 39 iO 42 ha 


RPM 10,000 12,000 14,000 16,000 18,000 20,900 
We 76.7 86,0 85.3 89.0 90.6 98.5 
Peo 520 520 520 522 525 525 
St 124.7 124.7 124.7 125.2 126.0 126.06 
Ate 

Tr2 o1058 = 1536 420002545 033350 83725 
Le 1010.0 1646.0 2175.0 28)0.0 3800.0 4610.0 
et 71.8 86.6 191,21 4115.0 130.5 156.5 
Tr} 1772,—ssa772—siax7T2_—ssa 7H 1785S Tbh 
Cote 482.0 882.0 82.0 79.3 486.0 4793 
i. hed 0429 0590 .0732 .0878 .1058 .1208 
Let 1480.0 2460.0 3570.0 4830.0 7670.0 9055.0 
{t 68.2 66.8 60.9 55.8 h9.5 51.0 
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TABLE XVII 


EPPICIENCY BY CURVES 


hi 


10,000 12,900 14,000 16,000 


18,000 20,000 


11878 13818 15760 17790 19828 
113.0 132.8 152.0 178.2 217.0 
1.020 1.01) 1.013 1.010 1.209 
0738 2666 2602 2542 «4.73 
81.7 37 oh 90.) 95.3 102.0 
531 532 534 532 529 
127.5 127.7 128.2 127.7 127.0 
01502 .1970 .2h20 43000 .37006 
1560.0 2195.0 2800.0 3670.0 785.0 
6433 7563 8650 9733 10775 
1.850 1.850 1.850 1.850 1.850 
1.212 1.307 Lyd 31.5160 1.60 
130.6 UsheS 155.0 161.5 168.5 
85.1 102.0 119.6 1232.0 149.5 
1772, «1772,—'si—«a‘T7!2]es—“‘i TG sCaAzT77B 
b32.9 82.0 82.0 483.4 6h.0 
00252 «40702 =. 0896 62030—s—=wd:132 
2156.0 3460.0 5140.0 6560.0 8550.0 
7205 6365 Sie5 55.9 56.0 
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